The Trps1 gene codes for an atypical member of the GATA type family of transcription factors. Mutations in human TRPS1 lead to the tricho-rhino-phalangeal syndrome types I and III, which are characterized by craniofacial and skeletal abnormalities and disturbed hair development. Correspondingly, during mouse embryonic development strong Trps1 expression is found in the cartilage condensations, the developing joints, the hair follicles and in the developing snout. In addition, Trps1 is expressed surrounding the skeletal condensations, in the trachea, the intervertebral disks, and in lung and gut mesenchyme. A complex pattern of expression is also found in the developing brain. q
Results and discussion
The tricho-rhino-phalangeal syndromes types I and III (TRPS I, TRPS III) are autosomal dominantly inherited human disorders. The main characteristics of the TRPSs include sparse scalp hair, a bulbous tip of the nose, a long philtrum, a thin upper vermilion border, protruding ears, short stature, brachydactyly, cone-shaped epiphyses in the phalanges and hip malformations. The underlying gene, TRPS1, encodes an atypical member of the GATA zinc finger family of transcription factors containing nine putative zinc finger motifs. The seventh zinc finger represents the GATA-type and the most C-terminal part of the protein including zinc fingers 8 and 9 show homology to a region conserved in the Ikaros family of lymphoid transcription factors (Malik et al., 2001; Momeni et al., 2000) .
In order to get insight into the function of TRPS1 we have cloned the mouse ortholog, Trps1, and analyzed its expression during mouse embryonic development. Whole-mount in situ hybridization of embryonic stage 10.5 (E10.5)-E14.5 ( Fig. 1 ) mouse embryos as well as in situ hybridization on paraffin sections of E12.5 (Fig. 2 ) and E14.5 (Fig. 3 ) mouse embryos revealed a dynamic pattern of Trps1 expression in the facial region, the developing limbs, hair follicles and the central nervous system.
Face and skin
At E10.5 Trps1 is strongly expressed in the facial region and the pharyngeal arches (Fig. 1A) . Between E11.5 and 14.5 the expression becomes more and more restricted towards the distal tips of the pharyngeal arches and later to the distal region of the face (Fig. 1B-D) . The subcutaneous region of the snout, both of the maxilla and the mandibula area, display strong Trps1 expression at these stages, whereas Trps1 expression is excluded from the epidermis (Figs. 2C, D, D) . Trps1 expression is also found in the skin surrounding the developing eye at E12. 5 and 14.5 (Figs. 1D, 2A and 3B) . In the developing hair follicles, strong Trps1 expression is found in the mesenchyme of the anlagen of the whiskers at E12.5 (Figs. 1C and 2C, D, M) . At E14.5 Trps1 expression gets restricted to the mesenchyme surrounding the whisker follicles (Figs. 1D, 2N and 3C ). At this stage, Trps1 expression is furthermore detected in the hair follicles of the entire body (Figs. 1D, 2O and 3A,B,E). We did not detect Trps1 expression in other region of the skin between E10.5 and 14.5.
Organogenesis
In the developing brain, whole-mount in situ hybridization reveals a complex expression pattern (Fig. 1) . By section in situ hybridization we found strong expression of Trps1 in the inner layer of the third ventricle, the telencephalon, and the midbrain at E12.5 and 14.5 (Fig. 3A ,E). Trps1 expression is furthermore detected in the mesenchyme of the developing lung, but not in the lung epithelium (Fig. 3G) . Similarly, Trps1 is expressed in the developing gut mesenchyme whereas expression is excluded from the endoderm (Fig.  3F ). In the urogenital system, Trps1 is expressed in the stroma of the kidney, the mesenchyme of the mesonephric duct and the interstitial cells of the testis (Fig. 3H) . In addition the diaphragma shows expression of Trps1 (Fig. 3A) . We did not detect Trps1 expression in heart or liver.
Skeleton and muscles
By whole-mount in situ hybridization we found Trps1 expressed in the entire fore-and hindlimb at E10.5 and 11.5 (Fig. 1A,B) . After E11.5 strong Trps1 expression gets restricted first to the condensing cartilage (Fig. 1C) and later to the joint regions of fore-and hindlimbs (Fig. 1D) . Section in situ hybridization at E12.5, 14.5 and 16.5 revealed strong expression of Trps1 in the developing joints of the limbs and weaker expression in the cartilage (Figs. 2E,I ,L and 4E, and data not shown). Along the axial skeleton whole-mount hybridization at E11.5 and 12.5 revealed Trps1 expression in segmental stripes (Fig. 1B,C) . By section in situ hybridization at E12.5 Trps1 expression was found lining the developing ribs and the vertebrae (Fig. 2F,H, arrowheads) . In general, Trps1 expression is found surrounding most of the developing cartilage anlagen including facial bones, bones of the inner ear, ribs, vertebrae and long bones (Figs. 2 and 3 , arrowheads). Strong expression of Trps1 is furthermore found in the intervertebral disks at stages 12.5 and 14.5 (Figs. 2E-H,J,K and 3I) whereas the notochord is excluded from Trps1 expression (Fig. 2H) . We also detected Trps1 expression surrounding the precartilaginous condensation of the nasal septum (Fig. 2C,D) , in the developing tracheae ( Fig. 2C ) and around the connective tissue of the head ( Fig.  2A) . In addition, we found Trps1 expressed in the developing muscles of the tongue at E12.5 and 14.5 (Figs. 2B and 3A,D) .
As patients with TRPS display short stature, brachydactyly and distinct joint defects we analyzed the expression in the developing skeletal elements of the limbs in more detail. Comparative in situ hybridization at E14.5 (data not shown) and E16.5 (Fig. 4) revealed that Trps1 expression overlaps with the expression of GDF5 in the joints separating the metacarpals and metatarsals at E14.5 and in the phalanges of the digits both at E14.5 and 16.5 (Fig. 4E,F and data not shown). In addition we found strong expression in the periarticular chondrocytes. A gradient of decreasing Trps1 expression from the joint towards the hypertrophic chondrocytes can be found at both stages. High expression is again detected in a stripe flanking the distal side of the Indian hedgehog (Ihh) expressing prehypertrophic chondrocytes (Fig. 4B, arrow) and in the ossification front replacing the Collagen-X (Col-X) expressing hypertrophic chondrocytes (Fig. 4B, arrowhead) . Summarizing, the expression pattern of Trps1 in the developing hair and skeleton correlates well with the phenotype seen in TRPS patients.
Material and methods
Whole-mount in situ hybridization was carried out as described in Riddle et al. (1993) . In short, digoxigenin-UTP labeled antisense riboprobes were hybridized at a final stringency of 50% formamide at 70 8C. Signals were detected with an alkaline phosphatase conjugated antidigoxigenin antibody (Boehringer) and stained with BCIP/ NBT (5-bromo-4-chloro-3-indolyl-phosphate toluidine/ Nitroblue tetrazolium), which results in a dark blue color. Section in situ hybridization was carried out as described in M. Kunath et al. / Mechanisms of Development 119S (2002) S117-S120 S118 Fig. 1 . Whole-mount in situ hybridization of E10.5 (A), E11.5 (B), E12.5 (C) and E14.5 (D) mouse embryos with a Trps1 antisense probe revealed a dynamic expression pattern. FL, forelimb; HL, hindlimb; P, pharyngeal arches; arrowheads, demarcate hair follicles. (E); (H) intervertebral disk region of (F); (I) humerus and joint region of (E); (M) facial skin of (C). (J-L) are parallel sections of (G-I), respectively, which were hybridized with an antisense probe for Col-II to demarcate the developing cartilage (black arrows) in vertebrae and limbs. (M-O) Trps1 expression in skin and hair follicles: (M,N) whiskers of an E12.5 (M) and E14.5 (N) embryo; (O) hair follicle of the body at E14.5. Note that Trps1 expression is excluded from the epidermis in (M-O). e, region of the eye, the sections are just dorsal (A) and ventral (B) of the eye; ea, ear; ep, epidermis; h, humerus; hf, hair follicles; iv, intervertebral disk; md, mandibular region; mx, maxillary region; n, notochord; ns, nasal septum; r, rib; s, scapula; t, trachea; v, vertebrae; arrows demarcate cartilage, arrowheads point to Trps1 expression flanking cartilage condensations. Vortkamp et al. (1996) . Hybridization conditions were 65 8C in 50% formamide, posthybridization washes were carried out with a final stringency of 55 8C and 50% formamide. Slides were counterstained with Toluidine blue O (Sigma). Signals were visualized in darkfield (Intralux 5000-1, Vopi, Switzerland), using either red (Figs. 2 and 3) or white (Fig. 4) light as darkfield source. Parallel sections were stained with hematoxylin-eosin (H&E). Probes for in situ hybridization were as follows: mTrps1: a 1.5 kb cDNA fragment corresponding to mouse Trps1 was isolated from an E17 mouse cDNA library and subcloned into pT3T7; mIhh (Bitgood and McMahon, 1995) , mCol-X (Jacenko et al., 1993) , rCol-II (Kohno et al., 1984) . , the whiskers (C); the snout region (D), the telencephalon (E), the gut (F), the lung (G), the urogenital system (H), and the tail (I). d, diaphragma; g, gut; hf, hair follicle; iv, intervertebral disk; k, kidney; li, liver; lu, lung; md, mesonephric duct; t, testis; to, tongue.
